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ABSTRACT 
Arresting occlusal enamel caries lesions with pit and fissure sealants  
 
The aim of this study was to evaluate the feasibility of pit and fissure sealants and the 
effectiveness of the two sealant methods applied in every-day practice in public dental 
health care in Finland.   
 
Two sealant methods were evaluated according to their effectiveness in preventing dentin 
caries at occlusal surfaces and sealant integrity and retention. Application time with these 
sealant methods was measured and compared. The survival rate of sealed first and 
second molars was followed for nine and 13 year periods, respectively. Caries risk 
evaluation and observed increased caries risk were the basis for considering sealant 
application.  
 
A questionnaire, sent nationwide to all public dental health centers in Finland, monitored 
the attitudes of the dental profession towards sealant application and explored the current 
criteria and policies used as well as changes noted in the sealant application protocol. 
Mean DMFT index values collected from the health centers were evaluated.  
 
The difference in caries rate between two methods investigated in this three year study 
was highly significant. When compared to the glass ionomer sealant method (GIC), the 
effectiveness of the resin-based method (RB) in preventing dentin caries was 74% and 
the rate difference 3%. The relative risk for RB-sealed surfaces vs. GIC-sealed surfaces 
of having detectable dentin caries was 0.3 (95% CI 0.12, 0.57). The retention rate of 
sealants was higher with RB than GIC (P<0.001). Application of RB sealant material was 
less time-consuming than application of GIC sealant. Occlusal dentin caries lesions were 
found in 4% and proximal caries in less than 2% of sealed teeth. The resealing rate with 
the second molars was 23%. The majority of respondents reported application of sealants 
on a systematic basis along with caries-risk evaluation. Those health centers sealing over 
suspected or detected enamel caries had lower average DMFT index values (1.0) when 
compared to DMFT values (1.2) of health centers applying sealants by alternative criteria.  
 
It is concluded that the RB sealant method is more effective than the GIC sealant method 
in preventing dentin caries. Sealant maintenance may increase the costs of a sealant 
program. Occlusal caries management may be improved if the applied sealant policies 
are changed towards an interceptive approach i.e. applying the sealants over detected or 
suspected enamel caries lesions instead of sealing sound teeth in a preventive manner.    
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INTRODUCTION 
 
Dental caries is a multifactorial disease that affects most populations throughout the 
world. It is the primary cause of oral pain and tooth loss (Fejerskov et al., 2008a).  
 
Keyes (1954) was the first to explain the interplay between local cariogenic bacteria in 
plaque, fermentable carbohydrates, constitutional factors (related to species and strains) 
and tooth structure. Dental caries was shown to be an infectious process of teeth with the 
interplay of three principal factors: the host, microflora and diet (Keyes, 1960). Even 
though knowledge of the biological determinants and the interactions among the different 
factors has increased, this model is still valid today (Clarkson, 1999). 
 
The dental hard tissues – enamel, dentin and cementum – form relevant solid surfaces 
which are coated by a pellicle to which microbial cells attach (Kidd and Fejerskov, 2004).  
Saliva modifies the complex interplay between the teeth and the surrounding biofilm: the 
secretion, flow-rate and composition of saliva are dynamic parameters that are controlled 
by the physiological and pathological conditions of the host (Bardow et al., 2008). The 
bacteria in the biofilm are metabolically active, causing fluctuations in the pH of saliva. 
These fluctuations may cause a loss of mineral from the tooth when the pH decreases or 
gain of mineral when the pH increases (Kleinberg, 1970; Manji et al., 1991). The localized 
destruction of the hard tissues, often referred to as the lesion, is the sign or the symptom 
of the disease (Fejerskov et al., 2008a). 
 
Occlusal surfaces of posterior teeth are the most vulnerable sites for dental caries due to 
their anatomy favoring plaque maturation and retention (Black 1914; in Asbell, 1994; 
Ripa, 1993). Although the overall caries rate has fallen for populations in industrialized 
countries, the rate of caries lesions in pits and fissures has not decreased at the same 
time (Carvalho et al., 1989; Marthaler, 2004). 
 
Once viable in the dentition, the bacteria causing dental decay – after the dentition has 
been affected by these cariogenic bacteria – will remain in the mouth as long as the teeth 
exist. However, progression of enamel caries lesions can be effectively arrested if the 
conditions at the tooth surface are changed to those less favorable to the cariogenic 
bacteria. The choice of professional treatment will depend on the accessibility for plaque 
removal. For the non-cavitated active lesions, non-operative interceptive interventions are 
preferred (Nyvad, 1993). Significant numbers of early lesions are likely to arrest or 
regress without professional intervention (Backer Dirks, 1966; 1971). 
Sealant application as a solely non-invasive approach to the susceptible incipient enamel 
lesions of occlusal surfaces is suggested without no preceding enameloplasty (Welbury 
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et al., 2004; Feigal and Donly, 2006; Beauchamp et al., 2008). As restoration of the tooth 
starts a restorative cycle in which restorations will often be replaced several times 
(Elderton et al., 1990), interceptive sealant application postpones the need for invasive 
treatment. Watchful waiting and interceptive treatment should therefore always be the 
first options with initial occlusal lesions (van Amerogen et al., 2008). 
 
The present series of investigations outlined in this thesis were performed to evaluate the 
effectiveness of two sealant methods (I, II) and to explore the feasibility of a routine 
sealant approach in public dental health (I, II, III, IV).  
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REVIEW OF THE LITERATURE  
 
1. From sound enamel to caries lesion formation 
 
Sound enamel 
 
Sound enamel consists of hydroxyapatite crystals arranged in tight rods. Each crystal is 
separated from the other by intercrystalline spaces. The spaces are filled with water and 
organic material (Boyde, 1976). The intercrystalline spaces form diffusion pathways 
referred to as micropores. All spaces within the enamel, irrespective of their size, will 
contain protein of developmental origin, lipid and water. Once a tooth has erupted into the 
oral cavity, the enamel surface constantly undergoes modification. It is therefore to be 
regarded as being in dynamic transformation at all times (Fejerskov et al., 2008b).   
 
 
Lesion formation 
 
Mineral dissolution and redeposition occur constantly at the enamel-plaque interface. The 
dissolution of enamel takes place within the intercrystalline spaces as they are enlarged 
during caries lesion formation (Thylstrup and Fejerskov, 1979). The cumulative result of 
the de- and re-mineralization processes may be a net loss of mineral, leading to 
dissolution of the hard tissues and the formation of a caries lesion (Kidd and Fejerskov, 
2004).  
 
A lesion forms in three dimensions, guided by prism direction, and thus assumes the 
shape of a cone with its base toward the enamel-dentin junction (Kidd and Fejerskov, 
2004). Dental caries develop where microbial deposits are allowed to form biofilms that 
are not frequently removed or disturbed by mechanical wear (mastication, attrition, 
abrasion from brushing, flossing or toothpicks)   (Fejerskov et al., 2008b). 
 
As teeth are erupting they are not in occlusion and do not participate in mastication. The 
entire process of eruption takes time. Such teeth offer more favorable conditions for 
bacterial accumulation than fully erupted teeth (Thylstrup and Fredebo, 1982; Carvalho et 
al., 1989; 1991; 1992). When completely in occlusion, functional chewing will modify 
microbial accumulation (Fejerskov et al., 2008b). 
 
 
After eruption bacterial deposits are well protected against removal forces in the deeper 
parts of the occlusal groove – the fossa system (Thylstrup and Fredebo, 1982; Carvalho 
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et al., 1989; 1991; 1992). The thin fissures of the molar teeth are thus especially prone to 
develop caries lesions (Carvalho et al., 1989; Bohannan, 1983).  
 
 
Occlusal caries lesions 
 
The term fissure caries was earlier used to describe the caries lesions found in pits and 
fissures. This definition was based on the assumption that the high incidence of caries 
lesions in molar pits and fissures was directly related to the poor cleaning accessibility to 
these surfaces. Occlusal pits and fissures vary in shape but are generally narrow (about 
0.1 mm wide) and tortuous, with invaginations or irregularities where bacteria and food 
are mechanically retained. Saliva does not readily reach the base of fissures, nor can 
those areas be mechanically cleaned. An explorer tip or toothbrush bristle, for example, is 
too large (diameter 0.2 mm) to penetrate most fissures. The thickness of enamel at the 
base of deep fissures is minimal and in many cases the fissures extend practically to the 
dentinal surface (Newbrun, 1989).  
 
Present knowledge indicates that the narrow fissures at the posterior surfaces of teeth 
are not the focus for the caries initiation per se (Figure 1). Two factors have been 
considered of importance for plaque accumulation and caries initiation on occlusal 
surfaces: the stage of eruption or functional usage of teeth, and surface specific anatomy 
(Carvalho et al., 1989; 1991; 1992). A carious lesion initiates as a local process at the 
entrance along to deep fissures as plaque accumulates within the slopes of cusps at 
occlusal surfaces. These sites offer protection against physical wear and favor the 
formation of microcavities that further improve local conditions for oral bacteria whereas 
the deepest part of the fissure usually harbors non-vital bacteria or calculus (Theilade et 
al., 1976; Ekstrand and Bjørndal, 1997).  
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Harmful bacteria Acid formation
Caries
a
Traditional concept: fissure caries
Fissure inaccessible to a bristle
Harmless 
bacteria/
Calculus
c
Harmful bacteria/biofilm
Acid formation
Caries
New concept: occlusal caries
Harmless/harmful
bacteria entombed
d
Interception: sealed over caries
Blocking nutrition
b
Prevention: sound tooth sealed
Blocking bacteria
 
 
Figure 1. The traditional vs. modern concept in the pathogenesis of dental caries and 
consequences for the sealant approach.  
Traditional concept (a), modified from Newbrun (1989) emphasizing the role of bacteria in 
the fissure and leading to preventive sealing of sound teeth only (b) to block the growth of 
bacteria. Modern concept  (c) emphasizing the role of bacteria on the cuspal slope 
occlusally, leading to interceptive sealing (d), based on the findings of Theilade et al. 
(1976), Carvalho et al. (1989; 1991; 1992), and Ekstrand and Bjørndal (1997), see text 
above. 
 
 
The growth and proliferation of bacteria accelerate demineralization and destruction of 
occlusal surfaces (Fejerskov et al., 2008a). These areas often become stagnated due to 
the demineralization/remineralization process and can also be clinically identified. Hence, 
instead of the conventional pit and fissure caries, the use of a more accurate term 
occlusal caries is suggested (Carvalho et al., 1989; 1991; 1992; Ekstrand et al., 1991b).  
 
 
Detection and assessment of occlusal lesions 
 
Changes in disease presentation, particularly on occlusal surfaces (Kidd et al., 1993), 
provide an increasing challenge to the detection and assessment steps in the modern 
caries management process (Pitts, 2004a). Due to the deductive nature of the diagnostic 
process, the term diagnosis should not be used synonymously with the term detection 
(Nyvad, 2004). By definition to diagnose is the act of identifying a disease from its signs 
and symptoms (Merriam-Webster 2008). Since there are virtually no symptoms of caries 
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lesions at early stages, caries examination becomes primarily a question of detection 
(Pitts, 2004a). As a whole, caries diagnosis is a process which can be considered as a 
three-step procedure: detection of the lesion, followed by assessment of the severity of 
the lesion, followed by assessment of the lesion activeness (Ekstrand et al., 2001).  
 
Lesion assessment aims to characterize or monitor a lesion once it has been detected. 
Accurate and reliable assessment of caries activity is important for determining 
appropriate treatment needs (Ekstrand et al., 2005). The caries process has been defined 
into stages in order to measure the lesion. The diagnostic threshold describes the cut-off 
level used in an arbitrary decision of what to classify as a diseased tooth and what to 
classify as sound. This has been represented with an iceberg-model (Figure 2), which 
demonstrates the large proportion of non-cavitated lesions among all detected caries 
lesions and suggests either interceptive or operative treatment modes for the lesion types 
(Pitts, 2008).  
 
Lesions into 
pulp         D4           Non-operative and    
       operative care advised 
Clinically detectable 
lesions in dentin   D3 
Figure 2. The iceberg model for dental caries: diagnostic thresholds for lesion extent 
related to advice given to patients and the treatment need for the lesions. Modified from 
Pitts (2008). 
 
 
Active and inactive lesions 
From a clinical point of view, carious lesions can be classified as progressive (active), or 
as non-progressive (inactive). If progression of the lesion can be limited, the terms 
arrested or chronic are used.  
 
Lesions detectable only with sophisticated 
diagnostic aids
          Subclinical lesions in a dynamic state of   
                          progression or regression
Clinically detectable cavities 
limited to enamel D2     Non-operative care  The diagnostic 
                advised threshold up   
Clinically detectable enamel lesions with        to  D3 
              ’intact’ surface                            D1  ’caries-free’ 
Background level  
care advised
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Assessment of the activity of lesions was introduced in a set of clinical caries diagnostic 
criteria (Nyvad et al., 1999). These criteria, the ‘Nyvad criteria’,  are based on the physical 
properties of surface reflection and texture of early lesions with chalky and rough lesions 
being active, and smooth, shiny surfaces being inactive or arrested. The color of the 
lesion can also be used to make the distinction between arrested and active as the 
surface enamel of arrested lesions takes minerals from surrounding fluids, while active 
lesions retain their white appearance. The predictive validity of caries lesion activity 
assessments were estimated by means of their ability to reflect known effects of fluoride 
on caries lesions (Nyvad et al., 2003).  It was concluded, that the criteria have construct 
as well as predictive validity (Nyvad et al., 2003) and that they can be used reliably 
(Nyvad et al., 1999). Active non-cavitated lesions have a higher risk of progressing to a 
cavity than do inactive non-cavitated lesions. 
 
An International Caries Detection and Assessment System, ICDAS, and its updated 
modification ICDAS II (ICDAS II Rationale and evidence, 2005, updated; Ismail et al., 
2007) was developed to create an integrated definition of dental caries and a uniform 
system to measure the caries process. The criteria for the ICDAS-classification were 
created by Pitts in 2004 (Pitts, 2004a; Pitts and Stamm, 2004) and have features 
associated with the ‘Nyvad criteria’ (Nyvad et al., 1999).  Key changes to the previously 
used categorization system were the idea to avoid the use of the misleading and widely 
misunderstood term “caries free” and to explicitly acknowledge whether or not initial 
lesions clinically confined to the enamel were included or excluded in examinations 
(Figure 2). In a study where the performance of fluorescence methods, radiographic 
examination and ICDAS II were compared on occlusal surfaces in an in vitro setting, 
ICDAS II combined with bite-wing radiography showed the best performance (Rodrigues 
et al., 2008). 
 
A dentist’s ability to identify active and inactive lesions by judging the appearance of a 
non-cavitated lesion (visual and tactile) was studied by Ekstrand et al. (1991a) and 
Ekstrand and Christiansen (2005). In their study lesions were inactivated by professional 
cleaning and activated by abstaining from cleaning. The accuracy and reliability of caries 
assessment in this study was relatively poor, which reflects the difficulties in defining the 
status of the lesion. Thus, this result suggests that a great proportion of lesions that 
require interceptive treatment are unlikely to receive it on the basis of a single 
examination by a dentist not specially trained or calibrated in caries diagnostics.  
 
With occlusal surfaces the identification of lesion activity and the stage of cavitation can 
be even more difficult to identify. The term hidden caries refers to occlusal dentin caries 
lesions which are missed upon visual examination but can be detected radiographically 
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when the lesion is large enough and is demineralized enough (Ricketts et al., 1997). 
Hidden caries lesions are found more frequently in dentitions with low DMFT values 
(Weerheim et al., 1992; Ricketts et al. 1997). For those lesions which are not visible upon 
radiograph, sealing the occlusal surfaces will reduce the need to estimate and asses the 
depth of the lesion. Sealant application can be considered the treatment of choice in such 
cases (Ricketts et al. 1997). 
 
 
2. Treatment of occlusal caries lesions  
 
Historical perspective 
 
Since the high incidence of occlusal caries lesions in pits and fissures has long been 
recognized, numerous varying procedures for decreasing the vulnerability of these 
surfaces have been proposed. Until the nineteenth century, dental treatment was based 
on the use of traditional remedies or extraction of teeth. Wilson used zinc-oxide to block 
fissures in 1895 (Wilson, 1985; in Feigal and Donly, 2006), which can be considered as 
one of the first non-invasive approaches in preventing dentin caries lesions at occlusal 
surfaces.  
 
The first paper describing arrested caries lesions was published in 1880 by GV Black; 
Huxley and Fullerton published their studies some years later (Black, 1880; Huxley, 1885; 
Fullerton, 1913; in Newbrun, 1989). Recommendations to arrest or cure dental caries by 
cleaning to remove bacteria were published in 1909 (Brunson, 1909; in Newbrun, 1989).  
 
Webb introduced the concept that cavity preparations on teeth to be treated for occlusal 
caries should be extended to remove noncarious fissures (Webb, in the beginning of 20th 
century; in Newbrun, 1989). The principle of this method was extension for prevention. 
Black concluded already in 1910 that ‘caries in enamel, or early caries, appears in the 
teeth of patients…from day to day and these lesions are usually found in pits and fissures 
of occlusal surfaces, proximal and labial and buccal tooth surfaces’. He contended that 
‘the whole subject of caries of the enamel is the most important one in its relation to 
everyday practice’ (Black 1910; in  Asbell, 1994).  
 
Prophylactic odontotomy, introduced by Hyatt in 1923, was based on a finding that the 
posterior teeth decayed soon after eruption. It was therefore suggested that small 
amalgam restorations should be placed in pits and fissures of newly erupted teeth before 
the appearance of clinical signs of decay. In treating pits and fissures mechanical fissure 
eradication was suggested by Bodecker in 1929. He recommended reshaping the 
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noncarious pits and fissures into wide nonretentive grooves rather than placing 
restorations. Prophylactic odontotomy and fissure eradication did not become commonly 
employed because there was a reluctance to perform operative procedures on teeth with 
no apparent lesions (Hyatt, 1923; Bodecker, 1929; in Newbrun, 1989). 
 
Chemical treatment of caries lesions by silver nitrate solutions was proposed by several 
researchers (Howe, 1917; Kline, 1942; Younger, 1949; in Newbrun, 1989). Numerous 
dental materials, including zinc phosphate and copper cement, were used in attempts to 
physically block pits and fissures. These substances, however, had limited value due to 
their high solubility and poor retention on the tooth structure (Newbrun, 1989). 
 
Acid etch bonding, introduced first by Buonocore in 1955, started a new era in preventive 
dentistry. He concluded that acid etching created minute channels and thus increased the 
surface area of the enamel into which the resin flowed. Upon hardening, microscopic 
mechanical bonds, also called tags, were formed between the material and the tooth 
surface. Etching the enamel and bonding of the sealant material by a resin marked an 
approach towards a more preventive mode in the caries treatment (Buonocore 1955; 
Handelman and Shey 1996). 
 
Cueto and Buonocore (1967) used methyl cyanoacrylate as the bonding agent in the first 
clinical study of occlusal sealants. The purpose of this procedure was to establish a 
physical barrier between sound enamel and the potentially cariogenic bacteria in the most 
susceptible region of the dentition, the enamel fissure. However, the difficult handling 
characteristics of cyanoacrylates and their degradation by oral bacteria made this 
compound unsuitable for use in the oral cavity.  
 
A viscous liquid resin, BIS-GMA, was first introduced by Buonocore (1970; 1971). It 
formed long-lasting bonds with enamel when used in conjunction with the acid-etch 
procedure. BIS-GMA is a hybrid-monomer formed by the reaction of bis-phenol A and 
glycidyl methacrylate (Buonocore, 1971; Bowen, 1982). The molecule combines the 
desirable properties of both methacrylate and epoxy molecules – it polymerizes rapidly 
and undergoes minimal polymerization shrinkage in oral conditions. 
 
Robinson et al. (1976) conducted an experimental study on arresting and controlling of 
carious lesion with a resorcinol-formaldehyde resin. It was thought already then that due 
to the greater accessibility and reactivity of the porous carious tissue, the principal means 
of effect was by penetrating into and accumulating in the porous enamel of the lesion 
itself. Here the topical agents retard, arrest or even reverse the process of lesion 
formation.  
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Preventing vs. managing caries lesions 
 
Prevention of dental caries lesions can take place when the lesion formation has not yet 
begun, for example in the erupting teeth. Bacterial colonialization occurs within hours in 
the mouth and the diversity of microbes increases as the formation of the biofilm begins. 
In the biofilm plaque, mutans streptococci (MS) pay a potential role in initiation of caries 
of smooth surfaces and fissures and mainly the species Streptococci mutans and 
Streptococci sobrinus can be implicated as the principal oral bacteria responsible for the 
initiation and development of early childhood caries (Tanzer, 2001). Children generally 
acquire MS organisms by transmission through their mother (Berkowitz, 2006). As the 
biofilm is ubiquitous, i.e. always forming, always present and always metabolically active, 
the process of caries lesion initiation cannot be prevented if streptococcal colonialization 
has occurred. However, it can be controlled so that a clinically visible lesion never 
develops (Manji et al., 1991; Kidd and Fejerskov, 2004) by interrupting or   intercepting 
the lesion development so that the active caries process is delayed or arrested. 
 
The caries process is defined (by evidence) as a continuum of disease states ranging 
from subclinical, subsurface changes through to more advanced, clinically detectable 
subsurface caries to various stages of more advanced lesions with microscopic and later 
macroscopic cavitation of enamel and significant involvement of dentin (Pitts, 2001; Kidd 
and Fejerskov, 2004; Featherstone, 2004). After detection assessment of the presence or 
absence of dental caries is dependent on the diagnostic cutoff points selected, which 
greatly affects clinical treatment decisions (Fejerskov, 1997). Managing caries lesions 
thus includes the treatment of the whole process of caries lesions beginning from the 
early invisible stages to the more advanced lesions. 
 
The studies of Handelman (1972; 1973; 1976) and some later studies by Mertz-Fairhurst 
et al. (1979; 1986; 1998) and Elderton (1985a) have shown that when a dentin caries 
lesion is tightly sealed, the lesion does not progress. These findings led in the early 
1980’s to suggestions to seal over incipient non-cavitated enamel lesions and this 
approach is in line with many recent recommendations and guidelines (Table 1).   
 
 
Interceptive role of fluoride  
 
Fluorides play a key role in the control of dental caries (ten Cate, 2004). The 
effectiveness of fluoride is due to its presence in the aqueous phase during enamel 
dissolution. Fluoride acts in three ways: i) inhibition of demineralization, ii) enhancement 
of remineralization and iii) by effects on bacteria (ten Cate and Duijsters, 1983a; 1983b; 
Theuns et al., 1986; Shellis and Duckworth, 1994). The beneficial effects of fluoride on 
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dental caries are primarily due to the topical effect of fluoride after the teeth have erupted 
in the oral cavity (Fejerskov et al., 1981). The unfavorable effects of fluoride are due to its 
systemic absorption during tooth development, resulting frequently in dental fluorosis 
(Levy et al., 1995).  
 
The effect of fluoridated water on caries lesions was evaluated in the Tiel-Culemborg 
experiment (Backer Dirks et al., 1961).  Enamel and dentin caries lesions were registered 
from two groups of children at the age of seven from two nearby Dutch cities; Tiel having 
fluoridated (1 ppm F-) and Culemborg non-fluoridated (0.1 ppm F-) tap water. Both 
groups were followed until the age of 18 years. At age 18, both groups registered the 
same number of enamel lesions.  A significant reducing effect of systemic, pre-eruptive 
fluoride could be seen in the number of dentinal lesions in the fluoridated area if fluoride 
was consumed in a topical manner post-eruptedly for a period of time. However, while 
smooth surfaces benefited the most from systemic fluoride ingestion (a reduction of 67% 
of cavities up to the dentin level), pits and fissures benefited the least (reduction of 12% 
at age 15). The systemic effect of fluoride was found to be lost in the studies of Marthaler 
(1967) if the use of topical fluoride was discontinued. The achieved effectiveness of 
fluoride was due probably more to the topical than the systemic, pre-eruptive fluoride 
consumption. Therefore, the effect of fluoride on caries lesions is considered interceptive 
rather than preventive. 
 
The arresting effect of topical fluoride varnishes on enamel caries lesions in pits and 
fissures is questionable. Topical fluoride varnish applied to fissures did not markedly 
reduce the rate of caries (Holm et al., 1984). This is in line with the studies of  Bravo et al. 
(2005)  where fissure sealing and fluoride varnish application on sound first permanent 
molar fissures were compared, and with a meta-analysis (Hiiri et al., 2006) where pit and 
fissure sealants were found to be superior to topical fluoride.  
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3. Pit and fissure sealants in managing caries lesions 
 
Sealant methods and materials 
 
The two predominant sealant materials in use are the resin-based composite sealants 
(RB) and the glass ionomer cements (GIC). The sealant methods are traditionally 
classified according to the manner in which polymerization is initialized. Resin containing 
sealant materials can be polymerized by autopolymerization, photopolymerization using 
visible light, or a combination of the two processes (Ripa, 1993). GIC sealants are 
available in two forms: conventional (autopolymerized), and resin-modified (visible light 
activated or combination of autopolymerized-visible light activated material) (Pardi et al., 
2003).  
 
BIS-GMA, the main constituent of RB sealants, has properties well suited for a sealant 
material. Due to the adhesive properties it adheres well to enamel, adapts to the walls of 
fissures, forms a thin layer over the fissure and can well resist occlusal forces (Gwinnett 
and Buonocore 1965). The occlusal surface of the tooth is cleaned with pumice and 
etched by phosphoric acid before sealant application.  
 
The effectiveness of RB sealants in preventing progression of enamel lesions is based on 
the establishment of a tight seal preventing leakage of nutrients to the microflora in the 
deeper parts of the fissure (Welbury et al., 2004). The fissure itself is very narrow 
contributing only a small surface area which undermines the sealant. Optimal adhesion is 
formed between the sealant and the sound enamel surrounding the fissure (van Amerogen 
et al., 2008). However, the RB sealant method is technique-sensitive. Saliva 
contamination after the acid etching restricts the sealant adherence to enamel and thus 
may lower the retentiveness of the sealant. This method therefore requires efficient 
moisture control which may limit its use in some working environments (Songpaisan et 
al., 1995).  
 
Fluoroaluminiun silicate glass ionomer (GIC) was developed in the 1970’s as an 
alternative sealant material to the RB composite (McLean and Wilson, 1974). GIC 
adheres to enamel with a chemical bond so the sealant application procedure does not 
require acid etching of the tooth surface or the use of an adhesive. GIC releases fluoride, 
which is considered the major advantage of the material. When applied, GIC is not as 
sensitive to humidity and fluids as is the RB material (McLean and Wilson, 1974). With 
the chemically curable GIC no allergic reactions have been reported, however, all resin-
modified GIC sealants contain short chain oligomers (e.g. HEMA), which have been shown 
to be highly sensitising (Kanerva et al., 1991; 1997). A transient amount of BPA has been 
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detected in the saliva of some patients directly after sealant application; however, 
potential estrogenicity with such low levels of exposure has not been investigated (Fung 
et al., 2000; Söderholm and Mariotti, 1999).  
 
 
Recommendations and clinical guidelines for the sealant approach 
 
Clinical guidelines can improve the quality of clinical decisions. Guidelines based on 
critical appraisal of scientific evidence (evidence-based guidelines) clarify which 
interventions are of proven benefit and document the quality of the supporting data 
(Woolf et al., 1999). It is important to detail areas of uncertainty (i.e. gaps in the current 
evidence base) in order that best practice recommendations can be made and future 
research needs may be identified and commissioned (Pitts, 2004b). The distribution of 
caries lesions within the dentition and the population and the costs associated with 
sealant use emphasize the importance of guidelines for sealants that can be used in both 
individual and community-organized programs (Rozier, 1995). 
 
The first international consensus reports concerning sealants and suggesting interceptive 
arresting of occlusal enamel lesions were published in the beginning of the 1980’s (Table 
1). Yet, in the beginning of the 1990’s many sealant studies mainly comprised of sealants 
applied in a solely preventive manner only to intact and unstained fissures (Meurman et 
al., 1978; Newbrun, 1989; Mejare and Mjör, 1990). Teeth with susceptive enamel caries 
lesions were excluded from these studies as they were restored after the susceptible 
caries lesion or all visible caries lesions were cleaned.  
 
The risks of sealant use were assessed to be minimal and the effectiveness in preventing 
and arresting caries lesions good or excellent. The main concerns with sealants, the 
possibility of lesion progression under the sealed surface and the fear that the occlusal 
surface is prone to caries attack if the sealant is lost or defected, were found unjustified 
(NIH, 1983). The preventive approach was in line with the recommendations since the 
use of sealants to newly erupted first and second molars, especially for children with 
elevated caries risk, was suggested.  Meiers and Jensen (1984) suggested that the use 
of sealants should be interceptive instead of strictly preventive. As the accurate 
assessment of the presence and activity of small pit and fissure lesions was often found 
to be difficult, it was concluded that suspicious occlusal surfaces should always be 
assumed to have small active lesions and should therefore be treated by sealants 
(Elderton 1985a). Patient recall and sealant maintenance was advised. 
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Over the past decades it has been a convention in Finland and in other Nordic countries 
to seal all sound molars however, there are no international recommendations supporting 
this protocol as most of the guidelines and recommendations suggest the sealant 
approach on the basis of caries risk evaluation (Table 1). It is probable that the risk 
evaluation and targeting of the subjects to be sealed have nevertheless been adapted in 
the public health care while the massive sealant application trend has declined (Nordblad 
et al., 2004). Even though arresting incipient lesions with conservative sealant application 
is broadly suggested, sealing sound occlusal surfaces and unstained fissures is also 
suggested in most recommendations (Table 1). 
 
The changes in caries epidemiology in the beginning of the 1990’s and the reporting of 
slower progression of caries lesions, led to suggestions that sealant use should be 
targeted to those teeth most prone to develop caries lesions. The first molars were thus 
priorized followed by the second molars. Arresting incipient lesions by sealants was 
recommended, and it was further suggested that sealant application procedures could be 
delayed until a point in time when it was suspected that a (dentin) caries lesion might 
develop (Brown and Selwitz, 1995; Söderholm, 1995).  By this approach, fissure sealing 
became to be considered as a therapeutic or restorative rather than a preventive 
measure. This approach also indicated cost savings as the unnecessary use of sealants 
would decrease and as the treatment of a lesion with a sealant would reduce the time 
until ‘restoration’ when compared to the more traditional and more invasive treatment 
options (Söderholm, 1995). 
 
Griffin et al. (2008) evalued the effectiveness of sealants in managing caries lesions in a 
meta-analysis, and found their effectiveness in preventing dentin caries (annualized 
probability of preventing progression) to be in the range of 62% to 100% (median 74% for 
all; 83% for non-cavitated and 65% for cavitated lesions). They recommended the 
placement of sealants to arrest lesions in the early carious stages and also to surfaces 
where caries status is uncertain. The progression of non-cavitated occlusal lesions was 
slow also for surfaces that were not sealed indicating that such surfaces could either be 
monitored or sealed. Invasive treatment methods were not recommended. 
 
Sealant maintenance is an integrated part of the sealant approach – all sealed surfaces 
should be regularly monitored clinically and radiographically. Bitewing radiographs are 
suggested to be taken at a frequency consistent with the patient’s risk status especially in 
cases where there has been doubt about the surface caries status prior to sealant 
application (Welbury et al., 2004). Defective or lost sealants should be reapplied in order 
to maintain the marginal integrity of sealants. 
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Preventive resin restoration (PRR), or sealant restoration, was first introduced by 
Simonsen and Stallard (1977). PRR is indicated for small cavitated lesions, i.e. for 
occlusal surfaces with small and discrete caries lesions in fissures extending up to the 
dentin level (Ripa and Wolff, 1992). In this method the susceptive fissures at molar 
occlusal surfaces are opened up with a narrow tapered fissure turbine drill. The cavity 
preparation is minimal and limited to the removal of the local caries lesion. The cavity is 
then restored with diluted composite before the sealant is applied over the edges of the 
filled cavity, covering also all of the other remaining pits and fissures at the occlusal 
surface.  
 
Simonsen classified resin restorations into 3 categories: type 1 PRR does not penetrate 
enamel, and type 2 PRR involves a restorative procedure in which replacement of tooth 
structure and sealing of adjacent unprepared pits and fissures is accomplished using a 
flowable resin composite.  Type 3 PRR is suggested if the lesion has emerged up to the 
dentin level. Two materials are used – one to restore and one to prevent future caries 
attack. Both materials are used in their primary roles as restorative and preventive 
materials therefore there is no compromise of function of the two materials (Simonsen, 
2005). Additionally, GIC has been suggested as an underlying filling material (McLean 
and Wilson, 1974). Garcia-Godoy (1986) demonstrated in vitro that less micro-leakage 
occurred in these preventive glass ionomer restorations than in fissures sealed entirely 
with composite resin. GIC is applied to the cavity prior to the resin layer, which seals the 
restoration (McLean and Wilson, 1974).   
 
Another method with the fluoride-releasing material, GIC, has been suggested for sealant 
application and managing incipient lesions in a minimally-invasive procedure called 
atraumatic restorative treatment (ART). ART has been successfully performed in areas 
where the application conditions are generally not optimal (Frencken et al., 2007). 
 
 
Table 1. Recommendations and guidelines for the use of sealants. Prevention (P) indicates suggested sealing over sound fissures, arresting (A) 
indicates interceptive treatment with sealants. Targeting (T) indicates that the risk approach is considered, Seal-all-sound (S) indicates that sealing all 
sound surfaces of permanent molars is suggested. 
 
 
Study / Year published / 
Organization  
 
 
Type of recommendation or 
publication 
Prevention (P) / 
Arresting (A) 
Targeting (T) / 
Seal-all-sound 
(S) 
 
Recommendation / comments 
National Institutes of Health 
(1984)  
Consensus Development 
Conference Statement: Dental 
sealants in the prevention of 
tooth decay (1983) 
P + A T Besides prevention, sealants may also be used to arrest the progress of small 
or incipient pit and fissure lesions. 
Rock (1984)  NHS  Workshop - Potential use of 
Fissure sealants in the NHS 
P + A T Case-selection/targeting is suggested. 
Stamm (1984) Conference on  Declining 
Prevalence of Dental Caries 
(1982 Boston) 
P T Pit and fissure lesions should be prevented by sealant application. 
Meiers and Jensen (1984) Review A T Interceptive caries management of susceptible fissures is suggested. 
Elderton (1985b)   P + A T Interceptive approach to caries management is recommended. 
Dowell (1986) Meeting report P + A T Sealing over questionable fissure lesions is suggested. 
Eccles (1989) Review P + A T Interceptive use of sealants is advocated. 
Murray and Nunn (1993). BSPD Policy document P + A T Pits and fissures of permanent molars should be sealed if in caries risk. 
Workshop on Guidelines for 
Sealant Use (1995) 
Recommendations P + A T The least invasive approach, using the simplest intervention for dental caries is 
preferred. Sealants arrest lesion progression. 
Brown and Selwitz (1995) and 
Söderholm (1995). ADA 
Guidelines for sealant use – 
Changes in caries 
epidemiology  
P + A T Seal sound or questionable surfaces. Targeting for high caries prevalence is 
suggested. 
Nunn et al. (2000). BSPD A policy document on fissure 
sealants in paediatric dentistry  
P + A T Application of sealants to all susceptible sites of permanent molars is 
recommended to children in caries risk.  If there is doubt of a dentine lesion, 
radiograph or enamel biopsy is suggested. 
Smallridge (2000).  National clinical guidelines 
(UK) 
P T Predictive factors should be considered in risk evaluation. 
Scottish Intercollegiate Guidelines 
Network (2001). 
National clinical guidelines P T Sealants should be applied and maintained in the tooth pits and fissures of 
high caries-risk children. 
National Institutes of Health. 
(2001). NIH   
Consensus Development 
Conference Statement. 
Diagnosis and Management of 
dental caries throughout life 
A T The use of sealants is effective in arresting the progression of early dental 
caries. Caries-risk indicators are evalued and risk evaluation is suggested. 
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CDC-Task Force on Community 
Preventive Services (2001). 
Recommendations  and 
reports 
- T School-linked and school-based sealant programs are recommended. 
Rozier (2001). Review P + A T Arresting incipient lesions is suggested. Sites / surfaces / teeth at greatest 
caries risk should be sealed. 
Bader et al. (2001). Review P + A T Occlusal sealants showed significant reduction in lesion  progression (only one 
study concerning treatment with sealants). 
Locker et al. (2003). Review P + A S The use of GIC is not advised. 
Welbury et al. (2004). European 
Association of Paediatric 
Dentistry. EAPD 
Guidelines P + A T Caries risk evaluation at individual level is strongly recommended. Sealing 
over enamel caries lesions is suggested. Purposeful removal of enamel prior to 
sealing or enameloplasty is undesirable and unnecessary. 
Ahovuo-Saloranta et al. (2004). Meta-analysis  P T Sealing is recommended to prevent caries of the occlusal surfaces. 
American Academy of Pediatric 
Dentistry Clinical Affairs 
Committee-Restorative Dentistry 
Subcommittee (2005). AAPD 
Guideline on pediatric 
restorative dentistry (2004) 
P + A T Sealants should be applied to teeth retaining plaque / in caries risk. 
Enameloplasty is not recommended. 
Simonsen (2005). Review P + A T Sealants and minimally invasive PRRs are recommended 
Feigal and Donly (2006). 
Symposium on the Prevention of 
Oral Disease in Children. AADP 
Recommendations and a 
consensus statement 
P + A T Risk evaluation is suggested. 
Bader and Shugars (2006). Review P + A T Sealing both enamel caries and suspected occlusal dentin caries lesions is 
suggested. 
American Academy of Pediatric 
Dentistry (2007). AAPD 
Clinical guideline 
 
- T Sealants should be applied to teeth retaining plaque / in caries risk. 
Enameloplasty is not recommended. 
Jenson et al. (2007). Clinical protocols for caries 
management by risk 
assessment 
P + A T Caries risk assessment is the basis for subsequent treatment planning and it is 
strongly recommended. Sealants are considered optional if no tooth structure 
is moved to complete the procedure.  
Griffin et al. (2008). Meta-analysis P + A T Sealing over incipient lesions was found efficient. 
Beauchamp et al. (2008). ADA Evidence-based clinical 
recommendations for the use 
of pit-and-fissure sealants 
P + A T Sealants should be placed to prevent caries initiation and to arrest lesion 
progression. Enameloplasty is not recommended. 
American Academy of Pediatric 
Dentistry Clinical Affairs 
Committee, Restorative Dentistry 
Subcommittee (2008). AADP 
Guideline on Pediatric 
Restorative Dentistry 
 
P + A T Sealants should be placed on surfaces judged to be at high risk or surfaces 
exhibiting incipient carious lesions to inhibit lesion progression. In general, 
enameloplasty is not indicated. Sealant maintenance is recommended. 
Azarpazhooh (2008). Review P + A - Sealants should be placed on all permanent molar teeth without cavitation; 
sealant application based on assessment of caries risk is suggested. 
Oong et al. (2008). Review A (T) Sealants prevented caries progression effectively. Practitioners should be 
encouraged to provide sealants. 
4. Epidemiological considerations 
 
As the overall caries trend in western countries has shown a favorable, decreasing 
tendency during the last decades, a definite shift towards a more non-invasive approach 
to treat caries lesions can be seen.  The publicly funded dental health care system in 
Finland provides services free of charge to all age groups up to age 19. The scope of 
health care to these age groups has been comprehensive and preventively oriented.  
 
Health centers have recorded data regarding the use of health-care services since the 
1970’s; the nationwide data has provided access to reliable figures when monitoring the 
volume of health-services provided. In the 1970’s and 1980’s particular attention was paid 
to the coverage of systematic health care and the health services were priorized to 
children and young adults.  Due to the favorable trend in the dental health of children, a 
gradual change towards individually determined dental appointments took place in the 
1990’s (Nordblad et al., 2004). A change of legislation in 2001 extended the services to 
cover the whole population which limits the resources available for the younger age 
groups and increases noticeably the costs of the publicly funded oral health care.  
 
The use of sealants was extensive in the 1980’s in Finland and in the other Nordic 
countries, after that the sealant approach has shown a decreasing trend. The total 
number of sealants per treated child was highest in 1988: 1.2 per child in both the 6 and 
12 year age groups. In 1994 the number of sealants per treated child was 1.0 in both age 
groups and in 2000 the number had decreased to 0.8 (for the age group 6) and to 0.7 
(age group 12). The decrease in the whole age group from 6 up to 18 decreased was 
from 0.8 (1988) to 0.4 (2000). During the indexed years of 1997 and 2000 fillings far 
outnumbered sealant application as a treatment to all age groups up to 18 years 
(Nordblad et al. 2004).   
 
Suni (1997) studied the survival rates of selected teeth and tooth surfaces in four age 
cohorts of Finnish children and young adolescents in the city of Lahti during 1972-1993, 
during which period the dentin caries increment decreased drastically. Sealants were 
applied routinely until 1989 after that a selective sealant approach was chosen. The 
younger age cohorts had higher cumulative survival rates of teeth than did older ones 
where the decrease in dentin caries figures was based mainly on the changes in the 
number of dentin caries lesions detected in molar fissures. Occlusal surfaces of first 
molars showed the lowest cumulative survival rates after 12 years post-eruption: the 
survival rate was about 13% (age-cohort 1965), 49% (age-cohort 1970) and 73% (age-
cohort 1975). Between the age cohorts born in 1975 and 1980 no significant differences 
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was found in the survival which may indicate that the improvement in dental health had 
reached its limit. 
 
Comparing the timing of the first dentin caries attack from three different age cohorts (age 
cohorts of 1960’s, 1970’s and 1980’s) in the Finnish population showed that in the older 
age cohorts (1960 and 1970) both FPMs and SPMs developed dentin caries lesions soon 
after eruption (Korhonen et al., 2003). With the 1980 age cohort, a definite decline in the 
dentin caries rate was seen in all teeth groups. Despite the overall low dentin caries 
prevalence, an upward shift of caries increment with the SPMs and premolars was noted 
three to four years after eruption (Korhonen et al., 2003). Virtanen et al. (2003) compared 
molars of two samples of children from Finland and Sweden who were entitled to different 
sealant application strategies. Of first and second molars 80-90% of the Finnish sample 
and about 20% of the Swedish sample were sealed during the two post-eruptive years. At 
age 18 (follow-up of 10-12 years for first molars; children born in 1980-81) the Finnish 
subjects had fewer fillings. Sealants were concluded to be efficient for preventing dentin 
caries, however, an extensive sealant application strategy with the seal-all approach may 
not be relevant in a population where the caries risk is low. 
 
 
Caries risk evaluation with the sealant approach 
 
The continuing susceptibility of pit and fissure surfaces to caries has been studied by 
numerous investigators (Carvalho et al., 1989; Bohannan and Bader, 1984; Ripa et al., 
1985; Chestnutt et al., 1996).  
 
According to Ekstrand and Christiansen (2005a), pit and fissure sealants are indicated if 
i) active occlusal caries have been diagnosed in pits and fissures, ii) a high risk has been 
established and iii) fissures are deep and the patient or parent either cannot, or will not, 
remove plaque effectively. Caries risk assessment of the individual and the tooth are 
important in determining the need for sealants (Rethman, 2000). As caries risk on 
surfaces with pits and fissures may continue to adulthood the posteruptive age alone 
should not be used as a major criterion for sealant decisions. Sealants should be used 
both in a preventive manner for at-risk teeth, and in an interceptive manner to treat teeth 
with questionable caries or definite enamel caries lesions. Sealed teeth need to be 
evaluated periodically for sealant integrity and retention (Siegal, 1995; Feigal and Donly, 
2006; Beauchamp et al., 2008). 
 
Caries risk assessment determines the probability of caries incidence (the number of new 
cavities or incipient lesions) in a certain period (Reich et al., 1999). Due to the 
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multifactorial etiology of dental caries, predicting the onset of new caries lesions is 
difficult. A thorough dental examination with consideration of the medical and dental 
history best support the treatment decision. How to analyze the risk of caries in the 
process of decision-making for the need for sealants? Clinical studies indicate that an 
experienced dentist can make such a decision appropriately without expensive 
technology (Graves et al., 1991; Arrow, 1998). Alanen et al. (1994) studied clinicians’ 
abilities to identify caries risk subjects in a public health setting and found remarkable 
variation between clinicians in their ability to identify the risk subjects and in the precise 
prediction of caries lesions. Some experienced clinicians were able to predict caries risk 
with high specifity and sensitivity.  
 
Rethman (2000) identified the best predictors of caries risk to be the prior caries 
experience and fluoride history of the patient, fissure anatomy and the plaque load. 
Targeting preventive procedures on the basis of individual risk-assessment has been 
criticized as being impractical and thus inefficient in dental public health by Burt (2005) 
who concluded that, as the risk assessment methods are imprecise, persons at high risk 
cannot be adequately identified. The main goal of a recommendation for risk-based 
decision-making for sealants is to have dentists actually make a decision rather than to 
assume sealant application for every tooth (Feigal and Donly, 2006).  
 
 
Economical aspects of sealant procedures 
 
The two principal characteristics of economic evaluation are the comparison of 
alternatives, and the costs and consequences of alternatives (Drummond, 1980). The 
differences in the identification and measurement of consequences for full economic 
evaluation are defined as follows according to Lewis and Morgan (1994): 
 
 
• cost-effectiveness analysis considers costs related to a single, common effect, 
i.e. means of achieving the same outcome. The results may be stated either in 
terms of cost per unit of effect, or effects per unit of cost. 
 
• cost-benefit analyses can be used when the consequences of the alternatives are 
different 
 
 
 
Cost-effectiveness and cost-benefit analysis have been used in relation to fissure sealant 
programs (Lewis and Morgan, 1994). Hunter (1988) investigated the cost-effectiveness of 
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a sealant program by comparing the time taken to place either sealants or amalgam 
restorations. If caries later occurred, the time taken to place sealants and subsequent 
amalgams were compared to placing amalgam restorations alone. Using time as a 
measure of cost-effectiveness, he concluded that fissure sealants were less cost-effective 
than amalgam restorations.  
 
Another study (Niessen and Douglass, 1984) comparing cost-effectiveness of four 
preventive programs found sealant programs less cost-effective. Burt (1989) argued that 
the choice of comparison group can influence the economic outcome. If sealants are 
compared with lower cost fluorides, the comparison will not favor sealants. However, if 
sealants are compared with restorative procedures, the comparison is likely to favor 
sealants (Lewis and Morgan, 1994). Leverett et al. (1983) measured cost-benefit by the 
cost of implementation of a preventive program divided by the savings in the cost of 
treatment for carious surfaces saved. They concluded that at-risk patients do benefit from 
the use of sealants when sealants were compared with amalgam restorations.  
Comparisons that evaluate different outcomes, such as sound unfilled teeth with sound 
filled teeth, have been made without regard for the markedly distinct quality of these 
outcomes (Lewis and Morgan, 1994).  
 
Griffin et al. (2002) compared the costs of three sealant delivery strategies in a 
hypothetical model in a nine year perspective. The incremental cost, incremental 
effectiveness and incremental cost-effectiveness were calculated in three groups: seal-
all, target and seal-none.  The sealant application in the seal-all and target delivery 
groups became less costly when compared to the seal-none group with the assumed 
annual first molar occlusal caries increment and the rate of costs from restorations. As 
the annual caries prevalence varies by populations and communities, the sealant delivery 
strategy should be determined at the community level. It was pointed out, that depending 
on the individual patient’s evaluation of their oral health, the increased delivery of 
sealants with associated increase in effectiveness and costs may still be worth the 
investment if the other alternative is a restored occlusal surface (Griffin et al., 2002). 
 
As pits and fissures are highly susceptible to caries lesions and least likely to benefit from 
topical fluorides, sealants are considered cost-effective (Mertz-Fairhurst, 1984; 
Simonsen, 1991; Welbury et al., 2004; Feigal and Donly, 2006). However, the cost-
effectiveness depends upon a number of factors that are related to sealant use, e.g. the 
caries prevalence in the population, the different tooth types sealed, whether all teeth and 
fissures are routinely sealed or sealed based on specific indications, retention of the 
sealant and to what extent other caries preventive methods are used (Raadal et al., 
2001). If the retention rate of sealants is low the need for resealing and restorative 
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treatment of carious fissures may increase thus reducing the cost-effectiveness of the 
sealant approach (Welbury et al., 2004). Interceptive use of sealants is less time-
consuming and personnel-demanding than the method where the fissure is opened prior 
to sealing. 
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 HYPOTHESES OF THE STUDY 
 
1. GIC sealants are at least as effective as RB sealants in preventing and arresting  
caries lesions. 
2. GIC sealants are effective in preventing and in arresting lesion progression in 
fissures even after the sealant is found to be defective or totally lost.  
3. Since no re-application procedures are needed for teeth with defective or lost 
GIC sealants, sealing with GIC is more economical than sealing with RB. 
4. If FPMs and SPMs are sealed according to a ‘seal-all’ fissure policy and only the 
teeth with dentin caries lesions are left unsealed, both teeth groups can be 
managed equally effectively against occlusal caries.    
5. A uniform sealant protocol based on international clinical guidelines exists 
throughout the Finnish public dental health care 
 
AIMS OF THE STUDY 
 
The purpose of this study was to compare the effectiveness of two pit and fissure sealant 
methods and evaluate the routine treatment mode in the public dental health care of 
Finland. The specific aims were: 
 
1. To compare the caries preventive effect and the retention rate of two sealant  
    methods used routinely. 
2. To assess the time needed to apply GIC and RB sealants as part of a routine  
procedure, factors affecting the length of the procedure, and further, to evaluate the 
plausible costs of the GIG sealant method in public dental health.  
3. To explore the coverage of the sealing program and the rate and outcome of the 
sealing/resealing approach in a health center applying the ‘seal-all-sound’ policy. 
4. To evaluate the sealant application criteria and policies in practice as well as the  
profession’s attitudes towards sealants.  
5. To assess whether the applied local sealant protocol could be associated with the  
    mean DMFT-values of the 12 year old children examined. 
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MATERIALS AND METHODS  
 
The field trial (I-II) was carried out in the public health center clinics of Varkaus by local 
dentists, dental hygienists and dental assistants. Varkaus is a city of 25 000 inhabitants 
located in eastern Finland and the local dental health center represents an average 
public health center. Sealants have been applied systematically in Varkaus since the late 
1970s up until 1990 (Figure 3). The subjects of the study were all children living in 
Varkaus and attending dental check-up examinations routinely at the public dental health 
center.  
 
Children aged between 12 and 16 (I) and between 10 and 17 (II) years were examined 
and the caries risk of each second permanent molar was evaluated. Visual inspection and 
fiber-optic transillumination were used routinely at the examinations. All second molars 
assessed and considered to be at caries risk, or having a suspected or detected enamel 
caries lesion on the occlusal surface, were sealed in a split mouth setting with either of 
the two sealant methods. Second molars that had not erupted or were only partially erupted 
at baseline were re-examined every 6 months and included in the study if considered to be 
at caries risk.  
 
The teeth considered to be at risk for caries were sealed randomly with either RB or GIC 
sealant material. A split-mouth randomization was carried out as follows: the sealant 
material for the first tooth to be sealed per mouth was chosen according to the child’s birth 
date. Odd numbers indicated RB, and even numbers GIC.  For the following tooth (starting 
from the upper right quadrant, followed by the upper left, lower left, and finally lower right 
quadrant), the opposite material was chosen. In case the second upper molar on the right 
side had not erupted at the time of examination and the others had, the molar from the left 
side determined the sealant material used. Based on this randomization, both molars in 
either the upper or lower jaws were sealed by a different material. The opposing second 
molars on different jaws had different sealant materials applied as well.  
 
 
Criteria for sealant application and the policies in practice in Varkaus (I, III, IV) 
 
From the start of the sealant program in 1975 up until 1990 the dentists in Varkaus were 
advised to seal all first and second permanent molars suitable for sealing (III). From 
1993, at the onset of this study, specific attention was paid to sealant application criteria 
and to the actual application procedure due to the study protocol.  
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Figure 3. Study periods and their relation to the national oral health care legislation in Finland (1972- ) as well as the onset and duration of the 
systematic fissure sealant program in the city of Varkaus, Finland. 
Data of SPMs (III) 
1987- 96 
Protocol of systematic sealing in Varkaus (1975–1994) 
Data of FPMs (III) 
1983- 96 
Data of SPMs (I) 
1993- 99 
Data (III) 
1993 
National Public Health Act (1972) offering public dental health  
services free of charge mainly to age groups under 19 years  
Change in legislation 
offering public dental 
health services to all age 
groups (2001- ) 
Period covered in 
questionnaire (IV) 
1991- 2001 
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The initial examinations as well as the caries risk assessments were performed at the health 
center by the local dentist on duty at the time of examination. All dentists involved in the 
study (N=10) had participated in calibration and their inter- and intra-examiner variables in 
occlusal caries diagnostics were calculated before starting the clinical trial (Lavonius et 
al., 1997). For the 10 dentists the mean interexaminer reproducibility showed fair 
agreement (kappa value 0.42, SD= 0.19). 
 
According to the clinical assessment by the local dentist, the second molars were divided 
into three categories. Caries risk-evaluation of each tooth was based on the case history 
and on the clinical status of each child as follows with the suggested procedures 
indicated: 
 
 
1. No risk for dentin caries - no clinical procedures. 
a. essential requirement:  
- no dentin caries (by inspection) or restorations in any permanent tooth 
b. in addition clinicians were encouraged to consider the following points: 
- tooth morphology: shallow fissure pattern 
- good oral hygiene: no visible plaque in the fissures 
- diet not indicating elevated caries risk 
- low caries prevalence among the siblings 
 
2. Elevated risk for dentin caries and/or initial enamel caries detected – sealant 
a. essential requirements 
- initial caries lesions/‘questionable’ fissures by inspection (including 
hypoplasia of the tooth) 
- no visible cavitation 
- and/or caries or fillings in other permanent teeth 
b. in addition clinicians were encouraged to consider the following points: 
- deep fissures 
- visible plaque in the fissures 
- diet indicating elevated caries risk 
- high caries prevalence among the siblings 
 
3. Indication of dentin caries – teeth excluded from the sealant study 
- visible cavitation up to dentin level 
- changes in tooth color indicating undermining dentin caries 
- anamnestic information indicating pulpal symptoms 
 
 
 
The sealant materials of the two methods in use were the chemically curable glass ionomer 
Fuji III® (GC Corporation, Tokyo, Japan), and the light-curable resin-based composite 
Delton® (Dentsply, York, PA, USA). Both materials were applied according to the 
manufacturer’s instructions with one modification: a standard probe was used instead of the 
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applicator provided by the manufacturer (Dentsply). Teeth with re-exposed fissures or 
defective RB sealants were resealed with RB. Defective or lost GIC sealants were not 
replaced. 
 
Sealants were applied by dentists working with chair-side assistants, or by dental hygienists 
working alone. The operators, dentists and dental hygienists were experienced with both 
sealant methods and were further instructed before the study. The evaluation was made by 
comparing tooth pairs on contra-lateral sides in both the upper and lower jaws. 
 
 
1. A prospective study on the retention and caries rate of two sealant 
methods used routinely in the dental public health clinic (I).  
 
During 1993 to 1996 a total of 599 children with 2356 second molars participated in the 
baseline examination. Each tooth was examined at baseline and re-examined at 6, 12, 24, 
and 36 months after sealant application. The conditions of the molars were registered 
according to WHO criteria (1997) as sound if no dentin caries were detected or carious if 
dentin caries could be detected. Sealants were classified as intact or defective. The retention 
of sealants and the caries rate of sealed teeth were recorded from paired RB-GIC 
observations for a three-year period until the end of 1999. The 36 months retention rate 
was evaluated from 559 pairs and the cumulative caries rate from 657 pairs of teeth. Once 
carious, no further treatments for that specified tooth were recorded. No other exclusion 
criteria were applied. 
 
The initial examination, the caries risk assessment and the choice of the intended treatment 
mode was performed at the health center by the local dentist on duty at the time of the 
examination. Sealants were applied either by one of the 10 dentists or by one of the five 
dental hygienists, all of whom were experienced with both methods. The operator effect 
between dental hygienists and dentists was analyzed. 
 
 
2. A prospective study evaluating the duration of sealant application with 
two sealant methods (II) 
 
This study evaluated the factors influencing the time needed to apply a sealant, and thus the 
estimated costs of the RB and GIC sealants. Children aged between 10 and 18 years and 
attending a dental check-up routinely at the dental public health center were randomly 
chosen to participate in the study. The subsample comprised of all the sealants applied by 
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seven operators: three dentists and four dental hygienists during the chosen calendar week. 
A total of 140 sealants were applied, 24 by a dentist and 116 by a dental hygienist. 86 
second molars were sealed with RB and 54 with GIC. The time spent for sealant application 
was recorded with a stop watch by the assistant without the operator knowing it. 
 
 
3. A retrospective study to explore the coverage and outcome of a sealant 
program (III). 
 
A retrospective study of a comprehensive pit and fissure sealing program was carried out 
with the oral health records from the Varkaus public dental health center. The participants 
were 245 children born in 1977 who were examined in the health center during 1994- 
1996. The data from the dental records were collected in 1996 (Fig.3). All participants in 
this study had attended a dental examination at 1-3 year intervals depending on the 
caries-risk evaluation.  
 
The examination, caries risk assessment and the choice of the intended treatment had been 
performed by a local dentist on duty at the health center at the time of the examination. 
Sealants were applied either by a dentist working with a chairside assistant or by a dental 
hygienist working alone, each being experienced with the RB sealant method.  The 10 
dentists whose occlusal restorative decisions had been calibrated in 1993 were solely 
responsible for the dental examinations in 1993-1996. Prior to 1993, the examinations of the 
children, the risk evaluation and the treatment given were performed in a pragmatic mode 
with the instructions below. 
 
The general instructions of the sealing protocol were as follows. Bite-wing radiographs at the 
examination were advised to be used only for the proximal caries diagnostics. The dentists 
were advised to seal all first (FPM) and second (SPM) permanent molars with the ‘seal-all’ 
approach and leave the premolars (FSPM) and the primary molars unsealed. 
 
Sealant materials were applied according to the manufacturer’s instructions with one 
modification: a standard probe instead of the applicator provided by the manufacturer was 
used with the RB sealant. No rubber-dam was used but it was emphasized to the operators 
to keep the operating area dry. No instructions were given to open the fissures with rotating 
instruments but occasionally this was done by some dentists. This procedure was not 
recorded and was thus not included in the analysis. Other routinely used caries preventive 
measures received by the participants were dietary and home-care instructions, professional 
cleaning with prophy-paste and the application of topical fluorides. 
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At baseline a tooth was recorded as occlusally filled even if a partial sealant was present. If 
proximal dentin caries existed or had existed (proximal filling), a tooth was considered 
proximally decayed despite occlusally placed sealants or fillings. DMFT indexes were 
recorded. 
 
The total sample of FPMs and SPMs examined at least once every three years was 664 and 
720, respectively. A sample of 336 unerupted FPMs at age 6, and 666 unerupted SPMs at 
age 10 were identified. The sample of FPMs sealed at age 6 (N= 238) and SPMs sealed at 
age 11 (N= 127) were followed for 13 (1983-1996) and 9 (1987-1996) years, respectively.  
 
 
4. A questionnaire survey on pit and fissure sealants used in public dental 
health. The general application criteria for sealants and the nationwide 
policies used; exploring the attitudes of dentists towards sealants (IV)   
 
A postal questionnaire was sent to each of the 257 public dental health centers in Finland 
in 2001. As the population densities greatly vary regionally the health centers were 
categorized into subgroups of ‘large’ and ‘small’ in order to get representative cluster 
samples among the dentists applying sealants within public health. Public dental health 
centers with less than seven dentists were classified as ‘small’, all other health centers 
were classified as ‘large’. The questionnaires with a cover letter were mailed to the chief 
dental officer (CDO). Additional questionnaires were mailed to the large health centers for 
every seventh general dental practitioner (GDP). The additional questionnaires were sent 
to the CDO of each health center and asked to be forwarded to local GDPs of that health 
center applying sealants thus excluding those who did not apply sealants (Table 2). The 
questionnaire was simultaneously sent by e-mail, by which it could be responded to as 
well. It was re-mailed by post and e-mail once to those who did not reply the first time. 
The response rate to the questionnaire was 79% after one re-issue (Table 2).  
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Table 2. Distribution of the questionnaires sent and the response rate according to the 
respondent’s occupation and size of the health center. 
     
  
Large Health Centers 
 
   
 Small Health Centers 
             
  Total  number of  
      
 
 Question- 
naires 
Sent (N) 
Responses
Received 
(N) 
Question-
naires 
Sent (N) 
Responses
Received 
(N) 
Question- 
naires 
Sent (N) 
Responses
Received 
(N) 
 
Public  
Health 
Centers 
 
 77 
 
 70 
 
187 
 
153 
 
257 
 
219 
 
CDO 
 
 87 
 
 60 
 
180 
 
139 
 
267 
 
199 
GDP 167 129   -  14 167 143 
 
Total 
 
254 
 
189 
 
180 
 
153 
 
434 
 
342 
 
 
The structured questions were categorized as follows: 
 
 
• Demographic data: occupation/status (CDO or GDP); location and size of the 
health center where each respondent was working  
• Examination policy: annual or individual check-up periods 
• Sealant application protocol: local agreements on sealant application criteria, 
sealant application criteria and protocol, sealant materials in use, caries-risk 
evaluation 
• Changes in protocols (examination policies, sealant application, attitudes) 
between the years 1991 and 2001 
• Attitudes towards sealant use, opinions on the effectiveness and cost-
effectiveness of sealants 
• Local DMFT index values (mean) for each health center (years 1991 and 2000)  
  
 
Public health centers collect data from the patients examined; the local DMFT index 
values, records of years 1991 and 2000, reflect the actual practice that took place at each 
health center. The questionnaire was initially piloted by three CDOs and was amended 
according to their suggestions before the study began. 
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The change (decrease or increase) in the mean DMFT index values between 1991 and 
2000 for each dental health center were evaluated as well as the relation between the 
systematic sealing and the mean DMFT value in 2000. The association between caries 
experience and the sealant policy was estimated by comparing the DMFT levels of the 
health centers following the interceptive approach with those following alternative policies.  
 
 
5. Statistical methods  
 
In a split mouth study design the unit of analysis can be a quadrant, a tooth surface, or a 
tooth as was the case in the present study (I). For a tooth pair one site is designated as 
the test site and the homologous contralateral site functions as the control. The result for 
each tooth pair can be classified as positive or negative depending on the status of the 
test and control  teeth (Table 3a and 3b) (Riordan and Fitzgerald, 1994).  
 
 
Table 3a. The possible outcomes for each participant in split mouth caries trials. 
 
 
Dentin caries detected 
 
 
 
Outcome 
Test tooth Control tooth  
 
No 
 
No 
 
No difference 
No Yes Positive 
Yes No Negative 
Yes Yes No difference 
 
 
 
Table 3b. Data summary for split mouth caries trials. 
 
 
 
                                 
                                  Test 
  
Control Dentin caries detected No dentin caries detected   Total 
 
Dentin caries detected 
 
a 
 
b 
 
a+b 
No dentin caries detected c d c+d 
 
Total 
 
a+c 
 
b+d 
 
n 
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The RB-GIC sealant pair was treated as a matched pair. The data (I) were analyzed by a 
modified McNemar’s test according to Durkalski et al. (2003). The rate difference or net 
gain, the relative risk and the effectiveness to prevent dentin caries and the sealant 
retention rate with both methods was reported, as well as the 95% confidence interval 
(Vaeth and Poulsen 1998).   
 
The effectiveness, rate difference and relative risk are defined as follows (Riordan and 
Fitzgerald 1994): 
 
 
 
Effectiveness =  difference between the number of tooth pairs where both the control 
tooth and the test tooth develop dentin caries divided by the number of pairs where the 
control tooth develops dentin caries during the studied period and defined by the 
notation 
 
(a + b) – (a + c)         =             b - c 
  
      (a + b)                                a + b 
 
Rate difference indicates the number of teeth ‘saved’ from dentin caries  per 100 teeth 
treated and can be defined using the notation  
 
(a + b) – (a + c)                    
  
             n                    
 
 
Relative risk (RR) is defined as the ratio between the cumulative incidence of caries in test
teeth and the cumulative incidence of caries in control teeth (Vaeth and Poulsen, 1998).   
 
Relative risk measures the effect in epidemiology and permits the association to be 
estimated (Riordan and Fitzgerald, 1994). 
• RR  that lies in the range of 0 < RR < 1 indicates an agent preventing disease 
• RR that is > 1 indicates a risk factor for disease 
 
In analyzing the caries rate of the sealed teeth and the operator effect between dental 
hygienists and dentists the Huber-White-method was used. The data (II) were analyzed by 
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Student’s t-tests. The DMFT-index values (the arithmetical mean) were analyzed by t-tests 
(IV) to monitor if an association could be found in the effectiveness of the sealant policy 
and the local DMFT values: those health centers that had chosen the protocol to seal over 
incipient enamel lesions were evaluated against the health centers that used an 
alternative protocol. 
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RESULTS 
 
1. Dentin caries rate (I, III) and DMFT values (IV) 
 
The second molars sealed with GIC had more dentin caries lesions than teeth sealed with 
RB, the difference was statistically significant, P<0.001 (I).  The cumulative dentin caries 
rate of the sealed tooth pairs is shown in Table 2 of the original publication (I). 
 
The values for the RB sealant method compared to the GIC sealant method were: 
 
 
• effectiveness in caries management    74.1%  (95% CI 43.40%, 88.13%) 
• net gain (rate difference)      3.2%  (95% CI 1.44%, 4.98%) 
• relative risk for dentin caries                        0.26   (95% CI 0.12, 0.57) 
 
 
Among the FPMs sealed at age 6 and followed up to age 19, 16% developed dentin 
caries. During the nine-year follow-up 5% of the SPMs sealed at age 11 developed dentin 
caries at the occlusal surface (III). A definite decrease in the DMFT values was found 
during the study period in Varkaus shifting the population from a high-risk to a low-risk 
population (I, III, IV). The DMFT index values of Varkaus and of Finland in general are 
shown in Table 4.  
 
 
Table 4. DMFT index values from Varkaus and from Finland in general, data compiled 
from (I,III,IV). 
 
 DMFT DMFT       Age of subjects   Data obtained 
                    Varkaus Finland (years) from study 
 
1975 8.91 6.92 12                       (III) 
1985 2.3 2.8 12                        (III)  
1990 0.8 1.2 12                        (III) 
1991 0.45 1.53 12                       (IV) 
1993 0.57 N.A. 13                        (I) 
1997 N.A. 1.14 12                        (I) 
2000 0.67 1.25 12                        (IV) 
 
N.A.; DMFT values not available from the original publications (I,III,IV) 
1  Nordblad et al. 1993  
2  Marthaler et al. 1996  
3  Local DMFT-values 1991 (mean)  
4  Nordblad et al. 2004  
5  Local DMFT-values in 2000 (mean) 
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The health centers (N=28) where sealants were applied systematically over suspected or 
detected enamel caries lesions on the occlusal surfaces in 1991 had in 2000 a mean 
DMFT value of 1.0 when compared to a mean value of 1.2 for the health centers applying 
sealants by any alternative criteria; the difference was statistically significant, P<0.001 
(IV). 
 
 
2. Retention rate of sealants (I, III, IV) 
 
The retention rate of the RB sealants applied to the second molars was high, while GIC 
sealants showed lower retention, P<0.001 (I). The status of the sealed tooth pairs after 
the three-year period is shown in Table 3 of the original publication (I). 
 
The retention values for RB sealants compared to GIC sealants were: 
 
 
• effectiveness                                                 94.8%  (95% CI 92.46%, 96.41%) 
• net gain (rate difference)                               87.2%  (95% CI 83.86%, 90.50%) 
• relative risk for a defective or lost sealant     0.052   (95% CI 0.036, 0.075) 
 
 
The resealing rate of second molars was 15.2% in the clinical trial (I) and 23% in the 
nine-year follow-up study (III). For the FPMs the resealing rate was 23% (III). During the 
nine year and 13 year follow-up, respectively, both the FPMs and SPMs had a mean of 
1.2 sealant procedures per tooth (III). Among the health centers resealing decreased in 
general from 26% in 1991 to 8% in 2001 (IV). 
 
According to the study protocol the teeth initially sealed with GIC were not resealed even 
if the sealant was found to be defective or lost at examination. Teeth where the GIC 
sealant was totally lost were more prone to having detectable dentin caries than those 
teeth where the sealant was only partially lost or defected, P< 0.039, adjusted (I).  Caries 
status of the GIC-sealed teeth at the end of the study compared to the sealant status 
(defective or totally lost) at the previous examination is shown in Table 4 of the original 
publication (I). 
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The rate difference and relative risk of teeth with defective GIC sealants compared to 
teeth with total absence of GIC sealants to develop dentin caries lesions were: 
 
 
• rate difference                                   -1.5 %  (95% CI -1.53%, 4.54%) 
• relative risk                                         0.60     (95% CI 0.21, 1.52) 
 
 
 
3. Caries risk evaluation and examination policies (I, II, III, IV) 
 
Caries risk was evaluated from all children examined in the Varkaus health center since 
the beginning of the 1990’s. Patients at high caries risk were called for examination at 
fixed individual intervals, the shortest interval being 6 months; the children considered to 
be in the low caries risk group were called for examination every other year. Caries risk 
evaluation and observed increased caries risk were the basis for considering sealant 
application since the beginning of the 1990’s  in Varkaus (I, II, III) and in the public dental 
health of Finland in general through to 2001 (IV). In 1991, 91% of all health centers in 
Finland reported to have examined children annually; in 2001 individually fixed intervals 
were reported by 78% of the respondents.  
 
The determinants reported to indicate low risk for dentin caries at fissures were as 
follows (the percentage after the determinant indicates the rate among respondents): 
 
 
• Intact dentition of a child (52%) 
• Good level of dental hygiene (44%) 
• Gently sloping cusps of molar teeth (41%) 
• Absence of initial (enamel) caries lesions, absence of visible plaque or gingival 
bleeding 
 
 
The reported indicators of least importance for determining low risk were:  
 
 
• Gender 
• Lack of visible calculus, lack of use of dental floss  
• Overall caries decline among the children 
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4. Duration of the sealant application procedure (II) 
 
It took almost twice the time to apply a GIC sealant as an RB sealant, the ratio being 1.7 for 
dentists and dental hygienists, P<0.001. Dentists working with a chair-side assistant took 
20% less time to apply an RB sealant than did the hygienists working alone, P<0.001 (II).  
 
 
5. The role of dentists and dental auxiliaries in the sealant approach (I, IV) 
 
The role of dental hygienists increased both in independent decision making and in the 
actual procedure of sealant application during the decade from 1991 to 2001. In 1991 the 
majority of sealants (63%) in dental public health were applied by dentists, while in 2001 
55% of the sealants were applied by dental hygienists.  
 
In health centers where sealants were applied by dental auxiliaries, the dentist examined 
and set the initial diagnosis in 69% of cases in 1991 and in 47% of cases in 2001. A small 
minority of health centers reported dental assistants as the main group applying sealants 
(IV). In most health centers where dental auxiliaries applied sealants, the dental 
hygienists and the dental assistants had the opportunity to consult the dentist if 
necessary. The difference in the caries rate of the sealed second molars was not statistically 
significant between the two sealant methods regardless of whether the sealants were 
applied by a hygienist or a dentist-assistant pair. The caries rate with the RB method for 
hygienists and dentists was 0.42% and 1.48% (P=0.21), and for the GIC method 3.38% 
and 4.89% (P=0.40) respectively (I).  
 
 
6. Role of sealants in caries prevention and management (IV) 
        
Systematic sealant approach and the criteria and policies for sealant application 
 
Sealants were applied on a systematic basis by the majority of respondents but only half 
of these respondents had a local agreement on the criteria for when to apply sealants. 
The criteria for applying sealants and the actual strategies seemed to vary between the 
dentists within the health centers and between the health centers nationwide. During the 
10 year period a distinct shift towards sealing over enamel caries lesions had taken place: 
the proportion of respondents using this approach increased from 30% in 1991 to 37% in 
2001, yet 44% preferred to seal only the sound fissures in 2001. The most common 
choice of treatment for permanent molars with suspected or detected enamel caries 
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lesions at the occlusal surface was to open the fissure up at the enamel level and to apply 
a sealant. The preceding eradication of enamel caries before applying a sealant (PRR2) 
was done almost as often as the application of topical fluoride to suspect occlusal 
surfaces. Only 10% of the respondents applied sealants without a preceding opening of 
the fissure.  
 
 
Opinions on sealant use 
 
Most of the respondents estimated that sealants had both long- and short-term effects on 
dentin caries development. When asked the hypothetical question of what should be done 
if the treatment would concern their own child, one-third of the respondents (N=98) were 
willing to pay whatever was needed to cover the costs to ensure intact teeth rather than 
receiving a filling free of charge.  
 
Of all the appointments for children up to age 19, the estimated proportion of 
appointments where sealants were applied decreased from 16% in 1991 to 10% in 2001. 
The majority (76%) of the respondents estimated that they had applied fewer sealants 
towards the end of the 10-year period of 1991-2001. Most respondents (96% in 1991; 
97% in 2001) reported the use of other methods in addition to sealant application for the 
prevention and management of pit and fissure caries. The prevailing method of choice 
was fluoride therapy, either in topical form or as fluoride tablets. 
 
Ten percent of the respondents refrained totally from applying sealants. The reasons 
given for this were:  
 
 
• sealants are thought to have low cost-effectiveness (30%) 
• there is no further need to seal fissures since the DMFT values have decreased 
to the low levels they were in 2001 (26%) 
• sealants are ineffective, or other methods are more effective than sealants in 
arresting enamel caries lesions at occlusal surfaces (17%) 
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DISCUSSION 
 
The results of the present series of studies strongly suggest that sealing the occlusal 
surfaces appropriately will effectively prevent the progression of initial enamel lesions 
when the sealants are applied as a routine procedure in the public dental health care.   
.  
 
1. Methodological aspects 
 
Validity of material 
 
Studies I-III took place during the years 1986 to 1999 in the health center of Varkaus, 
representing a public health center with a systematic sealing program. Two sealant 
methods were applied as a routine procedure for children attending public dental health 
care after examination and risk-evaluation (I, II).  During the study period the public 
health care in Varkaus as well as elsewhere in Finland was comprehensive for the age 
cohorts up to 19 years.  Since the studied cohorts were followed for three (I), nine, and 
13 years (III) and since the dental personnel as well as the population in Finland are 
homogeous, the results can be taken to represent the whole country.   
 
The sample of teeth in the retrospective study comprised all FPMs and SPMs that were 
examined in Varkaus at least once in three years or that had not erupted yet at the 
baseline, so the coverage of the sealant program was 68% for FPMs and 73% for SPMs 
for the whole sample. The teeth not relevant for this approach were either erupted but 
receiving a sealant that year, already sealed, carious, filled or extracted (III). The drop-out 
of patients was 20% (I) in the clinical trial. The drop-out rate can be considered low (I) to 
moderate (III). There can be various reasons for these drop-outs, one being the fact that 
some of the participants were not examined at the 36 month-examination because each 
child had personally scheduled dental check-up periods (I). Other participants might have 
moved away which is more probable with the long follow-up periods of the retrospective 
study (III). As most children under the age of 19 attended the community organized health 
care, it is not probable that these drop-out children had a different social status that could 
have altered the results of the study (I, III). 
  
The questionnaire study (IV) covered the entire country, a health center being a cluster 
for the sample. Thus the respondents and their responses are considered as a 
representative sample of the dental health personnel in Finland. A high total response 
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rate of the dentists (79%) and of the dental health centers (cluster, 85%) render the study 
representative of the whole country.  
 
 
Validity of methods 
 
The study design in the prospective study (I) was a randomized split mouth clinical trial 
where sealants were placed by two methods. One of the advantages of the split mouth 
study design is that both modalities of sealant application are compared in the same 
environment equivocally. In the present study (I) the fluoride released from the GIC 
sealant could have favored the RB sealant had the different sealant methods been 
equally effective in arresting caries lesions. However, it does not seem possible that the 
GIC sealants would have had a positive effect on the RB sealants since the GIC sealant 
was far more ineffective than the RB sealant in the fissures where it was intentionally 
applied.  
 
The split mouth design can also cause a bias since the teeth/teeth pairs in the same 
mouth are never independent ‘units’. In our study (I) one or two matched pairs were 
obtained per child. The advantage of this study design was that a reasonably large 
number of all second molars from the specified age-cohorts in the city of Varkaus could 
be included in the study. The modified McNemar’s test (Durkalski et al., 2003) used in the 
statistical analysis takes into account the problem of dependent pairs in a split mouth 
design. The RB-GIC sealant pair was treated as a matched pair and either one or two 
tooth pairs were observed per mouth.  
 
Even though the sealant material choice was randomized by the birth date (odd/even birth 
date indicating a different material for the molar to be sealed first), the two different 
sealant methods cannot be applied as blinded due to the difference of the materials. 
Another possible bias can be caused by the fact that there were many participating 
operators (I, II, III). The GDPs from Varkaus had attended a calibration study in occlusal 
caries diagnostics resulting in fair agreement of the mean interexaminer variables in terms 
of reproducibility; all personnel participating in the study were experienced with both 
sealant methods and received additional instructions before the study began. No 
significant difference between dental hygienists and dentist-assistant pairs could be found 
in the dentin caries rate of the sealed teeth (I). Since the conditions of this split mouth 
study reflect the conditions in real life with a large patient series, we assume that the 
results can be adapted to early caries management and to a public health setting 
elsewhere.  
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The duration of all sealant application procedures to second molars was recorded during 
a one-week period (II): the study was done as part of routine work in the Varkaus health 
center and the operator (dentist or dental hygienist) was not aware of being monitored (II, 
III). As all sealant procedures from that calendar week were included, it is unlikely that a 
single operator would have biased the results (II).  
 
A retrospective study design monitors the real-life situation; in our study the coverage of a 
comprehensive sealant program was examined in Varkaus, an average Finnish city 
including all the children that were examined at least every three years (III). Neither the 
dental hygienists nor the dentist-assistant pairs applying sealants were aware that they 
would be monitored subsequently. The long follow-up periods of 13 (FPMs) and nine 
(SPMs) years add reliability to the figures since the development of a caries process can 
take time. Proximal and occlusal dentin caries lesions were monitored separately. 
However, if a proximal lesion was detected at the same (or earlier) examination as an 
occlusal lesion in a certain tooth, the tooth was recorded as proximally decayed. This can 
lead to a bias where some occlusal lesions are considered as proximal and the rate of 
occlusal lesions is thus underestimated. 
 
Our questionnaire had limitations since the answers given are self-reported and do not 
necessarily correspond to the real-life situation of treatment choices (IV). As some of the 
questions go back to the situation over ten years ago, the information may not be 
accurate and should be interpreted with caution. It can be assumed, though, that the 
trends of the earlier attempted sealant approach will stay in mind even if the details are 
forgotten. The questions were also formulated to enable explicit answers. Before starting 
the study, the questionnaire was piloted by three CDOs. This study is beneficial in 
reflecting the attitudes towards sealant application and describing the sealant policies in 
practice as well as reporting the changes that have taken place in the dental public 
health of Finland during the 10-year period.  
 
 
2. Results of the study 
 
In the beginning of the 1990s when the Varkaus sealant study was designed it was 
considered unethical in Finland to leave any permanent molars of a child in the caries risk 
group unsealed despite the fact that the interceptive approach had already been 
suggested internationally (Meiers and Jensen, 1984; Rock, 1984; Elderton, 1985a). As no 
caries risk group was intentionally left without sealing that could be used as controls, the 
actual dentin caries preventive effect with either of the materials or treatment modalities  
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used cannot be estimated, which is a weakness in this study (I, III). Most children were 
classified as having a high caries risk even though the inclusion criteria applied were not 
specified or recorded. However, it has later become evident that by limiting the choice of 
sealant application to those children and teeth at high risk the cost-effectiveness of 
sealants is increased (Locker et al., 2003; Beauchamp et al., 2008). 
 
A comparison of sealant effectiveness in different age groups in three European countries 
showed that the caries prevalence of the population affected the sealant effectiveness 
markedly (Leskinen et al., 2008). Sealing was very effective among the age cohorts of 
1970-72 in Finland and Sweden and in the 1980 cohort of Greece; the dentin caries 
preventive effect being 40-50% with about the same caries prevalence in all three 
countries at the given periods. In the younger age cohorts of Finland and Sweden the 
dentin caries prevention with a selective sealant approach was as effective as the 
approach where the teeth were intentionally left unsealed (Leskinen et al., 2008). Even 
though the caries trends in Finland have been decreasing since the 1970’s (Nordblad et 
al., 2004) the current trend may have reached the lower limit as the DMFT-scores tend to 
rise when compared to the levels in other European countries (Marthaler et al., 1996; 
Downer et al., 2008). Therefore, when the effectiveness of a sealant approach is 
evaluated, the present caries prevalence should also be considered. 
 
With RB sealants protection against dentin caries is assumed to be directly related to the 
degree of retention. In our field study, RB sealants showed a higher retention rate than did 
GIC sealants. This is consistent with several other studies that have found high retention 
rates with RB sealants (Mertz-Fairhurst et al., 1986; Romcke et al., 1990; Simonsen, 
1991; Poulsen et al., 2006). 
 
Romcke et al. (1990) used an autopolymerized RB sealant in a field trial where incipient 
occlusal lesions of FPMs were sealed in children with moderately high caries 
susceptibility. The complete retention rate after one year was 89%, after two years 81% 
and 60% after seven to nine years; only about two to four % of the sealed surfaces 
required maintenance sealing each year. The overall success rate with sealants, which 
takes into account the teeth with completely retained sealants, with partial sealant 
retention not requiring resealing and the teeth requiring and receiving maintenance 
resealing, was 85% after four to 10 years from insertion (Romcke et al., 1990).  
Approximately one % of the sealed occlusal surfaces developed dentin caries in each of 
the first four years and essentially none thereafter.  
 
Forss and Halme (1998) compared RB and GIC sealants in a seven year follow-up study 
and found a highly significant difference in the retention rate favoring RB sealants. The 
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relative risk of a GIC sealed tooth of having dentin caries was 1.44 when compared to an 
RB sealed tooth. Poulsen et al. (2001) compared the retention and the dentin caries 
preventive effect of RB and GIC sealant methods in FPMs in a three-year follow-up study 
and found consistently lower retention with GIC than with RB sealants. The relative risk 
of having dentin caries in a GIC sealed tooth was 3.4 when compared to a RB sealed 
tooth. This is well in line with the 3.9 found in our study with SPMs, suggesting similar 
results with the sealed FPMs and SPMs. 
 
Studies with longer follow-up periods of 15 (Simonsen, 1991) and 10 years (Wendt et al., 
2001), have also reported high retention rates with RB sealants. Simonsen reported 
complete sealant retention with a single application of RB sealants in 82%, 57% and 28% 
of sealed teeth after five, 10 and 15 years, respectively. Only 17% of the surfaces were 
found to be sound in the control group, while the rate was 69% in the FPM-sealed group. 
The rate of occlusal dentin caries lesions found in our study 16% for FPMs (follow-up 13 
years) and 5% (follow-up nine years) for SPMs is in line with the study of Wendt et al. 
(2001), who reported retention rates of 65% in both FPMs (after 20 years) and SPMs 
(after 15 years) and dentin caries rates of 13% (FPMs; 20 years) and five% (SPMs; 15 
years) of the sealed teeth. The maintenance resealing rates in our study were 28% for 
FPMs and 23% for SPMs, indicating lower overall retention rates.   
 
In the study of Wendt et al. (2001) only the ‘caries-free’ surfaces were sealed and 
observed unlike in our study (I), where the instructions were to seal molars on the basis 
of risk evaluation. Thus the susceptive fissures or detected enamel caries lesions were 
sealed as well as any other molar fissures considered to have a high risk for dentin caries 
lesions. The relative risk of having a defective RB sealant was low and maintenance 
resealing was applied in 15% of the initially RB sealed teeth (Wendt et al., 2001). These 
findings (Wendt et al., 2001) suggest the long-term effectiveness of sealants. These 
results are also in line with the clinicians responses from the questionnaire study (IV): the 
majority of the respondents thought that sealants have both short- and long-term 
effectiveness. 
 
A defective RB sealant, even if the sealant is only partially lost, can lead to a lesion growth 
under the sealant, a situation not always easily detected – the hidden caries phenomenon 
(Weerheijm, 1997). The defected sealant can also create an environment favorable to 
bacteria, thus leading to plaque accumulation. Periodical re-evaluation of the sealed teeth 
and resealing of the defected sealants have therefore been suggested (Welbury et al., 2004; 
Feigal and Donly, 2006; Beauchamp et al., 2008), which is in line with our studies.  
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GIC sealants have been assumed to offer permanent protection against caries with a single 
application. Mejare and Mjör found (1990) that in pits and fissures which at clinical 
observation showed total loss of sealant, remnants of GIC could be detected when their 
replicas were observed with a microscope. In their clinical trial, none of the 44 GIC sealed 
teeth developed dentin caries lesions (Mejare and Mjör, 1990). Torppa-Saarinen and 
Seppä (1990) reported 75% retention rates with GIC sealants in a four month follow-up 
study; significantly low retention rates (26%) have been reported by Forss et al. (1994) in 
a two year trial, and in two four year follow-up studies (35%, 20%) (Williams and Winter, 
1981; Arrow and Riordan, 1995), respectively.  
 
Despite the lower retention and the macroscopic absence of the sealant, GIC sealants have 
been shown to retain some level of cariostatic effect on the occlusal surface (Raadal et al., 
2001; Gilpin, 1997). The use of GIC has been suggested to be limited to those cases 
where application of RB sealants is contradictory or compromised, for example to 
erupting teeth where isolation is a problem (Raadal et al., 2001; Gilpin, 1997). The 
present study (I) shows that when the erupting teeth were evaluated after a six month 
period (in order to allow the tooth to erupt properly), the six month period was not so long 
as to compromise the sealant program as none of the erupting teeth had developed 
dentin caries and thus could be sealed in an interceptive manner.  
 
Systematic sealant application to molar fissures was the treatment of choice in the 
majority of the health centers even though defined general guidelines for sealant 
application criteria or policies used were rare among the health centers (IV). The larger 
the health center the more inconsistency was found in the sealant policies applied. Even 
though most respondents replied as having applied sealants on susceptive or carious 
occlusal surfaces, they in fact did not use sealants in arresting enamel lesions but rather 
applied a PRR. In this method, described by Simonsen (1982; 1988) as type 2 PRR, a 
prophylactic opening is prepared when cleaning the fissure before the sealant is applied 
to the fissure and the surrounding sound enamel.  
 
As the profession is used to meticulously clearing all plausible visible ‘abnormalities’ from 
the tooth surfaces and from the prepared cavities, it may be difficult to adapt to sealing 
over stained noncavitated enamel lesions. Had the profession been more familiar with 
the methodology, the earlier studies and the international guidelines published earlier, 
the frequent use of sealants in a more interceptive way could have been encouraged 
(IV). Local agreements on the sealant approach (‘the clinical guidelines’) would probably 
further aid the dentists in getting the evidence into practice.  
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Caries risk assessment of the teeth and of the individual are important determinants 
when the sealant approach is considered (Welbury et al., 2004; Feigal and Donly, 2006). 
As the detection and grading of occlusal caries lesions is often inaccurate and shows 
great variance among clinicians (Alanen et al., 1994; Ekstrand and Christiansen, 2005; 
Bader et al., 2006) and since the accurate assessment of caries risk is not always 
possible, it is concluded that sealing over initial enamel lesions reduces the need for 
assessment of whether the lesion is active or inactive.  
 
The health centers that used the interceptive sealant policy of sealing over initial enamel 
lesions profited most from the systematic sealing as their DMFT values showed a 
decreasing trend, while the other health centers the trend was for increasing values. 
Even though sealing over initial enamel caries lesions has been suggested in many 
consensus reports since the 1980’s (Table 1), the present questionnaire study revealed 
that in the year 2001 this was not the prevailing protocol in Finland. Hence, it is 
suggested that that dentists should be encouraged to seal over initial, non-cavitated 
enamel lesions in order to arrest the progression of the lesion into the dentin.  
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CONCLUSIONS 
 
Sealing permanent molars at caries risk with the RB sealant method prevents dentin 
caries more effectively than a single application of GIC sealant in a routine public health 
setting (I).  Teeth with defective or totally lost GIC sealants were more prone to develop 
dentin caries than teeth with intact sealants; it is therefore concluded that the positive 
effect of the fluoride-releasing GIC will not last on the occlusal surface if the sealant is 
lost (I). As sealant integrity and thus the regular maintenance of sealants and sealed 
teeth is necessary to the successful outcome with the sealant approach, a method having 
low retention rates and time-consuming application procedures may add to the final costs 
of a sealant program (I, II, III). As targeting both the teeth and the individuals was found 
effective (I), it is concluded that caries-risk evaluation may improve the effectiveness of a 
sealant program and may render the sealant approach more economically attractive.  
 
Even though sealants were broadly applied within Finnish public health care during the 
study period, the profession did not seem to be familiar with the effectiveness of sealing 
over incipient caries lesions (IV). An association could be found between the practiced 
sealant application protocol and the local DMFT figures, favoring those health centers 
that applied sealants in an interceptive manner (IV).  
 
 
RECOMMENDATIONS 
 
As the integrity and retention of a sealant is considered crucial to the success of sealants 
in the long-term, RB is the material of choice. Sealing over incipient caries lesions is both 
effective and practical – the dental profession should be encouraged to use sealants 
more in an interceptive manner rather than in a preventive or operative manner. Distinct 
national guidelines on sealant application criteria and protocols, based on evidence, 
would aid the GDP in the appropriate sealant approach.  
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A QUESTIONNAIRE SURVEY ON 
SEALANTS 
 
 
 
 
 
 
 
 
 
Demographic information 
 
 
Name / Occupation: 
 
 
 
 
Health center / City or Community: 
 
                 
 
 
Address and telephone: 
 
 
 
 
 
 
 68
 
 
1. Do you apply sealants systematically in your health center?  
      If YES, since when has this been the applied protocol? 
 
 
                 YES, since _________ 
 
 
                     
                 NO 
 
 
 
                 NO, I have abstained completely from the sealant approach  
                 since                          _________    
 
 
 
If you answered NO to the preceding question, please move straight 
to question 12. 
 
 
2. Have you agreed on a specified policy concerning the sealant 
approach in your health center?     
                               
     Please choose the alternative that best describes the current policy 
                                                                                                                        
 
                 NO, each GP makes the decision according to his own   
                 views and knowledge 
     
    Please move straight to question 9. 
 
                      
                 YES, the criteria for sealant application and the guidelines  
                 have been discussed and a verbal agreement exists over the    
                  current protocol 
 
     Please reply  to questions 3–8 as you know has been the policy in  
     your health center in 2001 and in 1991  
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3. On which criteria do you base the decision to apply sealants 
(currently/10 years earlier); in other words, when do you choose to 
apply a sealant to molar occlusal surfaces?  
 
Please choose only one alternative at each period of time which best 
describes the policy at your health center. 
        
                                                                                          in 1991        in 2001      
- only the unstained and visibly intact fissures 
are sealed 
 
  
- as above + 
- stained fissures are sealed 
 
  
- as above + 
- suspected or detected enamel caries lesions 
in fissures are sealed 
 
  
- as above + 
- suspected or detected dentin caries lesions in 
fissures are sealed 
 
  
- no specific policy exists 
 
  
- alternative or unknown policy 
 
  
 
 
 
 
4. When have the guidelines been agreed on (which 
year)? 
 
 
 
 
In ________ 
 
          Has the content of the agreement been changed  
          afterwards? 
 
 
 
                    NO, it has not been changed 
                                        
                                      
 
 
 
                 YES, it has been changed during ______________ 
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5. How do you treat the susceptible fissures with plausible enamel caries 
lesions?   
Please choose your treatment of choice.    
        
                                                                                         in 1991        in 2001       
- no procedures, wait and see until the next routine 
examination 
 
  
- no treatment, re-examination after a shorter period 
 
  
- topical fluoride application to the fissure, wait and 
see until the next routine examination 
 
  
- topical fluoride application to the fissure, re-
examination after a shorter period 
  
 
- sealant application 
  
 
- sealant application, re-examination after a shorter 
period 
  
 
- sealant application after opening the fissure up to 
enamel level 
  
 
- sealant application after opening the fissure up to 
dentin level (preventive resin restoration) 
  
 
- restore the fissure with filling 
  
 
- unknown treatment 
  
 
-alternative treatment mode, which is? 
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6. How do you treat the partially erupted molars that would be sealed if it 
was possible? 
                                                                                         in 1991          in 2001     
- no procedures 
 
  
- no procedures, re-examination after a shorter 
period 
 
  
- topical fluoride application to the fissure, wait 
and see until the next routine examination 
 
  
- topical fluoride application to the fissure, re-
examination after a shorter period 
 
  
- sealant application 
 
  
- sealant application, re-examination after a 
shorter period 
 
  
- sealant application after opening the fissure up 
to enamel level 
 
  
- sealant application after opening the fissure up 
to dentin level 
 
  
- restore the fissure with filling 
 
  
- unknown treatment mode 
 
  
- alternative treatment mode, which is? 
 
  
  
 
7. What do you choose to do/what is the applied policy in your health 
center if a sealant is found totally or partially lost at an examination and 
no visible caries lesion can be detected? 
                
in 1991    
                      
    in 2001       
- no procedures    
- topical fluoride application to the occlusal surface   
- reseal the tooth   
- alternative treatment mode, which is?   
- no specific policy is applied – the policies vary   
  according to the operator  
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8. Which teeth groups do you consider to seal in general? 
                
in 1991    
                       
   in 2001        
- the first molars 
 
  
- the second molars 
 
  
- some other teeth groups, which are? 
 
  
- no teeth groups are sealed in general 
 
 
  
 
 
   
 
9. Are the examination intervals in your health center scheduled 
                
in 1991    
                       
in 2001         
- annually 
 
  
- individually  
 
  
 
 
   
 
10. What is the rate (estimation) of examined teeth that are intentionally 
left without sealing because the predicted possibility for developing 
dentin caries is low?  
                
in 1991    
                       
   in 2001        
- the first molars 
 
  
- the second molars 
 
  
- the other groups of teeth, which are? 
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11. Continued from the preceding question, how do you predict that 
caries increment is improbable for a certain child? 
 
Please score the four alternatives that in your opinion best describe this 
statement (the scoring from number one to four: 1 = the best choice, 2 = 
the second best choice and so on). The same number can be used more 
than once if the different alternatives are equal in your opinion. 
                                                                                                           score (1-4) 
 
- the level of oral hygiene is good 
 
- the diet is ok 
 
- no initial caries lesions in the dentition 
 
- no active caries lesion found for a year/low caries activity 
 
- no visible plaque / no bleeding from the gums 
 
- regular use of fluoride dentrifice 
 
- regular use of dental floss 
 
- professional instruction on teeth cleaning and on other 
preventive information has been shown and explained to 
the child and the child understands this information 
 
- regular use of xylitol products 
 
- intact dentition with no visible caries lesions or fillings 
 
- gently sloping cusps of molars  
 
- unstained fissures of molars 
 
- some teeth have already been sealed 
 
- only a few small fillings in the dentition 
 
- the decreasing trend of dentin caries in younger age groups 
 
- age 
 
- gender 
 
- social class 
 
- another alternative, which is? 
 
- no opinion 
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12. Besides sealant application, do you consider/have you considered 
applying any alternative methods in managing occlusal caries lesions? 
                
in 1991    
                       
in 2001         
Which alternative method?  
YES 
 
YES 
   
- teaching the children to clean their teeth/pointing 
out the importance of good oral hygiene 
  
- topical fluoride varnish/fluoride tablets/other topical 
fluoride methods 
  
- professional tooth cleaning regularly at separate 
appointments 
  
- an alternative method, which is?   
  
NO 
 
NO 
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13. If you have completely refrained from sealant application in your 
health center, what is this decision based on? 
Please choose one or more of the choices:  
 
- since the DMFT-values of the children have decreased, sealant 
application is no longer necessary in Finland 
 
- I doubt the effectiveness of sealants 
 
- sealant application procedures are expensive when compared 
to their effectiveness in preventing dentin caries 
 
     -    I find other methods more effective in preventing dentin caries   
          lesions 
 
     -    the personnel doesn’t have time to apply sealants 
  
- there is no personnel available for the sealant application 
procedures 
 
- most of the patients are in need of restorative rather than 
preventive or interceptive treatment 
 
- some other reason, which is? 
 
 
 
 
 
 
14. Which materials do you use/have been using for sealant application 
procedures? What is/was the proportion of the material                                  
 
                                                                                          in 1991         in 2001    
- light-curing resin-based material: name of product? 
 
 
            % 
 
             %
- chemically curing resin-based material: 
 
 
            % 
 
             %
- glass-ionomer cement 
 
 
           % 
 
             %
- alternative material, which is? 
 
 
           % 
 
             %
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15. What is the estimated rate of sealants applied by 
                
in 1991    
                       
    in 2001       
- dentists 
 
 
             % 
 
           % 
- dental hygienists 
 
 
             % 
 
           % 
- dental assistants 
 
 
             % 
 
           % 
 
 
 
16. If the dental auxiliary are responsible for the sealant application 
procedure, is the preceding initial caries assessment always set by the 
dentist? 
                
in 1991    
                       
   in 2001        
YES 
 
  
NO 
 
  
 
If your answered NO for the preceding question, please clarify how 
you proceed in such situations 
 
- the dental hygienist sets the diagnosis by himself 
 
- the dental hygienist sets the diagnosis by himself but has the 
possibility to consult a dentist if necessary 
 
- the dental nurse sets the diagnosis by himself 
 
- the dental assistant sets the diagnosis by himself but has the 
possibility to consult a dentist if necessary 
 
- alternative policy  
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17.  Please estimate the rate of appointments (of children up to 18 years 
of age) when sealants are applied in you health center  
(for example, an average of 4 appointment of which sealants are applied at 
one appointment = 25%) 
  
% 
                       
in 1991         
 
 
 
% 
 
in 2001         
 
 
18. How has the volume of sealant application procedures changed in 
our health center  y 
a) during the previous ten-year period? 
Compared to the earlier ten-year period, there have been  
 
more sealant procedures 
 
fewer sealant procedures 
 
the number of sealant application procedures has stayed  
the same 
 
b) during the previous five-year period? 
Compared to the earlier five-year period, there have been  
 
more sealant procedures 
 
fewer sealant procedures 
 
the amount of sealant application procedures has stayed  
the same 
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19. What is your opinion on the short- and long-term effectiveness of 
the sealant approach? 
Please choose one or more of the choices below: 
 
 
- sealants do not have long-term effects on preventing dentin 
caries lesions at the occlusal surfaces 
 
- sealants have more short-term than long-term effects on 
preventing dentin caries lesions at the occlusal surfaces 
 
 
- in some cases, sealants can postpone the development of 
dentin caries lesions for a few years 
 
- in most cases, sealants can postpone the development of 
dentin caries lesions for a few years 
 
 
- sealants do not have short-term effects on preventing 
dentin caries lesions at the occlusal surfaces 
 
- sealants have more long-term than short-term effects on 
preventing dentin caries lesions at the occlusal surfaces 
 
 
- in some cases, sealants can postpone the development of 
dentin caries lesions for a lifetime 
 
- in most cases, sealants can postpone the development of 
dentin caries lesions for a lifetime 
 
 
- another opinion 
 
- no opinion 
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20. Suppose that all children in your area having dentin caries lesions 
are treated free of charge at the local health center by filling the dentin 
caries lesions.  
 
Alternatively, the teeth can be treated by applying sealants before the 
dentin caries lesions develop.   
 
In a hypothetical situation, how much would you be willing to pay for 
your own child’s sealant program or other preventive program which 
would guarantee that no dentin caries lesions would develop during a 
period of time? 
 
 
- I’m not willing to pay anything 
 
- 50€ (the estimated cost of sealing a molar at the health 
center) 
 
- 170€ (the estimated cost of a few appointments where 
sealants are applied) 
 
- 500€ (the estimated cost of sealing the teeth and of sealant 
maintenance and necessary resealing during a few-year 
period) 
 
- all the necessary costs even if the actual costs are difficult to 
estimate beforehand; including the costs of sealant 
application, sealant maintenance and necessary resealing 
procedures 
 
- no opinion 
 
 
 
 
21. What was the mean DMFT-index values (at age 12) of  your health 
center in 
 
 
      1991 _________ 
 
 
                     
      2000 _________ 
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22. Is there something else concerning sealants you would like to 
express here? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
THANK YOU FOR YOUR REPLY! 
